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The mango ovule has been described by some authors as 
unitegmic and by others as bitegmic, but in the latter case 
with integuments fusing quite early. The results of this 
investigation suggest that it is a pachychalazal ovule in that 
the greater part of the ovular envelope consists of chalaza! 
tissue and that only the micropyle is formed by one 
massive integument. The pachychalazal ovule could 
possibly be a characteristic of the tribe Anacardieae. 
Bitegmic ovules in which the outer integument is 
continuous with two labellate outgrowths of the massive 
funicle ('raphe-chalaza! ovules') are apparently characteristic 
of the tribes Spondieae and Rhoideae. All previously 
investigated species as well as Sclerocarya birrea (A. Rich.) 
Hochst. subsp. caffra (Sond.) Kokwaro and Lannea discolor 
(Sond.) Engl. were found to be chalazogamous. 
S. Afr. J. Bot. 1986, 52: 17- 24 
Die mango-saadknop is deur sommige outeurs as 
unitegmies en deur ander as bitegmies, maar dan met 
integumente wat vroeg versmelt, beskryf. Volgens die 
resultate van hierdie ondersoek is dit 'n pagichalasale 
saadknop deurdat die grootste gedeelte van die saadknop-
omhulsel uit chalasale weefsel bestaan en dat slegs die 
mikropilum deur die een massiewe integument gevorm 
word. Die pagichalasale saadknop mag moontlik 'n kenmerk 
van die tribus Anacardieae wees. Bitegmiese saadknoppe 
waarvan die buitenste integument aaneenlopend is met 
twee lipvormige uitgroeisels van die massiewe funikulus 
('rafe-chalasale saadknoppe') is blykbaar kenmerkend vir die 
tribusse Spondieae en Rhoideae. Chalasogamie kom by aile 
voorheen ondersoekte spesies asook Sclerocarya birrea (A. 
Rich.) Hochst. subsp. caffra (Sond.) Kokwaro en Lannea 
discolor (Sond.) Engl. voor. 
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Introduction 
While working on a project on the pollination and fruit set 
of the mango (Mangijera indica L.) a lack of properly 
illustrated descriptions of the ovule as well as discrepancies 
in the literature on ovule morphology was noted. The interest 
in the morphology and development of the seed and fruit of 
the South African Anacardiaceae (Von Teichman & Robbertse, 
in press) led to a comprehensive study of the mango ovule 
and a specific comparison of it with those of some other South 
African Anacardiaceae species. Furthermore all relevant 
literature available was taken into account. These investigations 
indicated that little effort has been made to compare the 
mango ovule with those of other Anacardiaceae species. Ovule 
characteristics have as yet not been used to delimit taxa in 
the Anacardiaceae. For example Scholz (1964) mentioned 
pendulous ovules for the Spondieae but ignored the diagnostic 
value of ovule characteristics in the other tribes. 
Juliano & Cuevas (1932) described the mango ovule as 
being anatropous and pendulous with two integuments which 
fuse quite early. Singh (1961) stated that 'The gynoecium 
contains a single unitegmic, crassinucellate and anatropous 
basal ovule . . . '. The present fmdings do not quite agree with 
this rather simplistic description of the mango ovule and 
suggest a new interpretation of its various components. 
Joel & Eisenstein (1980) described a ponticulus in the mango 
ovary, acting as a bridge for the pollen tube to enter the funicle 
on its way to the embryo sac. The presence of an obturator 
in the Anacardiaceae ovule was mentioned by Copeland & 
Doyel (1940) in Toxicodendron, Copeland (1955) and 
Grundwag (1976) in Pistacia and Kelkar (1958a) in Lannea. 
In view of the definition of an obturator (Schnarf 1929; Esau 
1977), the reported existence of an obturator in the 
Anacardiaceae needs to be reconsidered. 
Materials and Methods 
Mango flowers and very young fruits were collected at the 
experimental farms of the Citrus and Subtropical Research 
Institute at Nelspruit and the University of Pretoria in 
Pretoria. Two mono-embryonic cultivars 'Haden' and 
'Sensation' and two polyembryonic cultivars 'Peach' and 
'Sabre' were used. Material of Sclerocarya birrea (A. Rich.) 
Hochst. subsp. cajjra (Sond.) Kokwaro (the marula) and 
Lannea discolor (Sond.) Engl. was collected from different 
localities north of the Magaliesberg in Pretoria. Specimens 
of Harpephyllum caffrum Bernh. were collected from a tree 
grown in a private garden in Pretoria and Rhus lancea L.f. 
from trees grown on the campus of the University of Pretoria. 
The material prepared for the semi-thin sections was fixed 
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Figure 1 Sections of different developmental stages of mango ovaries. A. Longitudinal section of a 'Haden' ovary with ovule in the tetrad stage. 
B. Micrograph of LS of a 'Peach' ovary taken with epifluorescence optics; white arrows trace invisible part of pollen tube. C. Cleared section 
of 'Sabre' ovary. D. Cut surface of halved 'Haden' fruitlet. A - B - line of adnation between fertile and aborted carpels, ao - aborted ovule, 
k .- knee-like protuberance of funicle, n - nucellus, 0 - ovule, ow - ovary wall, p - ponticulus, ptl - polen tube in style, Ph - pollen 
tube crossing raphe-chalazal vascular tissue, rcb - raphe-chalazal bundle, st - style, tt - transmitting tissue, vt - vascular tissue. 
in 6% glutaraldehyde in 0,05 mol dm - 3 sodium cacodylate 
buffer. Thereafter it was dehydrated and embedded in glycol 
methacrylate (GMA) according to Feder & O'Brien (1968). 
The monomer mixture, however, consisted of 94070 (v/ v) 
hydroxyethyl methacrylate (that is, the 94070 HEMA was 
purified in our laboratory to remove most of the methacrylic 
acid); 5070 (v/ v) polyethylene glycol 200, and 0,1% (w/v) 
azobis-iso-butyronitrile or later 0,6070 (w/ v) benwyl peroxide. 
A Reichert OM U3 ultramicrotome and glass knives were used 
to cut the 2 - 3 Jlm thick GMA sections. The Periodic 
acid - Schiff Reaction (PAS) was carried out according to 
Feder & O'Brien (1968), using 0,5070 dinitrophenyl hydrazine 
S. Afr. J. Bot., 1986, 52(1) 
(DNPH) in 150Jo acetic acid (for 30 min) as blocking agent. 
Toluidine blue 0 in benzoate buffer, pH 4,4 (Sidman eta!. 
1961), was used for counterstaining. Ovules dissected from 
fresh or FAA-preserved material were mounted directly in a 
clearing fluid (Herr 1971) and drawings were made with the 
aid of a drawing tube fitted to a Leitz microscope. For pollen 
tube studies either fresh or FAA-preserved material was 
cleared in a 0,8 mol dm- 3 NaOH solution for 12 hours at 
60°C after which it was stained in a 0,1% solution of water · 
soluble aniline blue in a 0,3 mol dm - 3 K3P04 buffer, 
mounted in the same solution and photographed with a 
Reichert Univar microscope fitted with epifluorescence optics. 
Other micrographs were taken with the same microscope using 
standard illumination. 
Results and Discussion 
Number of carpels and position of the ovule 
According to Scholz (1964) the tribe Anacardieae to which 
the mango belongs, can be five- or uni-carpellate. Although 
the mango is usually uni-carpellate, up to five apparently free 
carpels can occasionally occur in the cultivar 'Sensation' while 
rudimentary or aborted carpels are common around the base 
of the ovary in the cultivar 'Haden'. Harpephyllum cajjrum 
has five adnate carpels, one of which is fertile. The marula 
has one to four fertile carpels, whilst Lannea discolor has 
three, only one of which is fertile. These three genera all 
belong to the tribe Spondieae. The gynoecium of Rhus lancea 
(tribe Rhoideae) consists of three carpels, one of which is 
fertile. All taxa in the Anacardiaceae have only one ovule per 
carpel. In marula (tribe Spondieae) the ovule is pendulous 
(Von Teichman & Robbertse, in press), but in the mango the 
ovules are reported to be basal (Mukherji 1949; Singh 1961) 
or becoming pendulous (Juliano & Cuevas 1932), while 
Sharma (1954) stated that the 'ovule is borne on a long 
ascending funicle attached sub-basally'. 
The mango ovule is indeed basal (Figure 1 ). A vascular 
strand supplying the ovule, runs perpendicular to the axis of 
the flower. This vascular bundle is homologous with axial 
bundles in the fruit of marula (Figure 2A) along line C-D. 
If this vascular bundle in the mango ovule (Figure lA) is 
'lifted' into a vertical or axial position by elongation of cells 
along line A- B, the mango ovule would also be pendulous 
instead of ascending as shown in Figure 2B. Figures 2A, 2B 
and 1D clearly indicate that line C-D in the ovary of marula 
which is the line of adnation between the carpels, also exists 
in the mango ovary (A- B) between the fertile carpel and the 
undeveloped carpel primordium. With this in mind it could 
be argued that the so-called apocarpous carpels in the tribe 
Anacardieae (Scholz 1964; Heywood 1978) are not truly 
apocarpous, but that the carpels are adnate at the base. Owing 
to the abortion of carpels in the mango, growth along the 
line of adnation is retarded or stopped causing a lop-sided 
development of the ovary with a basal ovule. In contrast 
growth along the line of adnation is not retarded in Harpephyl-
lum cajjrum, Lannea discolor and marula (Figure 2A) with 
the result that pendulous ovules are formed. In Rhus lancea 
the ovule is basal. 
Integuments 
Integument initiation in the mango starts when the megaspore 
mother cell is fully developed (Figure 2C). Two integuments 
are initiated but at the tetrad stage only the outer integument 
remains (Figure 3C). Both integuments are initiated in the 
dermal layer. The initials of the inner integument are pushed 
aside by 'integumentary shifting' as described by Bouman & 
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Calis (1977) in the ovule of Eranthis. The outer integument 
develops rapidly by means of periclinal and anticlinal cell 
divisions thus forming wedge-shaped files of cells. The 
epidermal and subepidermal nucellus cells also divide peri-
clinally so that the micropylar extension of the nucellus keeps 
pace with the development of the integument for some time 
(Figure 3D). As a result of the nucellar extension the 
functional chalaza! megaspore is deeply seated in the nucellus 
(Figure 3C). 
Development of the integument does not continue beyond 
the stage shown in Figures 3C & D. It is succeeded by peri-
dina! and anticlinal cell divisions in the chalaza to form a 
'chalaza! cup' which accommodates the greater part of the 
nucellus (Figure 3B). The mature ovule can therefore be 
described as pachychalazal in accordance with Comer's (1976) 
pachychalazal seed. The chalaza! cup is highly vasculated while 
no vascular tissue was observed in the integument. Referring 
to Copeland (1955) and Grundwag & Fahn (1969), Corner 
(1976) cited a pachychalaza in Pistacia. Comer must have mis-
interpreted these papers since neither of these authors shows 
a true pachychalaza in their drawings of the ovules. Figure 
3A of Grundwag & Fahn (1969) clearly shows that the nucellus 
is free from the integuments up to its proximal end. In the 
pachychalazal mango ovule, however, the free part of the 
integument is limited to the micropylar zone (Figure 3B). 
Although Copeland (1961) made no mention of it, a pachy-
chalazal ovule seems to occur in the cashew nut, Anacardium 
occidentale. The cashew nut like the mango, belongs to the 
tribe Anacardieae. We have not seen material or literature 
dealing with ovules of other Anacardieae taxa but at least the 
ovules of the mango and cashew from this tribe can easily 
be distinguished from ovules of the other tribes on account 
of the pachychalaza. 
The ovule of the marula differs from the mango ovule by 
already having two well differentiated integuments in the 
megaspore mother cell stage (Figure 4G). At a later stage the 
nucellus enveloped by the inner integument is situated at the 
end of a massive pendulous funicle. The outer integument 
is continuous with two plate-like outgrowths of the funicle 
(Figure 4H). This type of ovule, as was also stated by 
Grundwag (1976), seems to be typical of the majority of 
Anacardiaceae taxa. In the ovules of Pistacia species, Lannea 
coromandelica and Rhus mysurensis these unusual outer 
integuments have been misinterpreted as an obturator (Cope-
land 1955; Grundwag 1976; Kelkar 1958a; 1958b). During the 
present study this ovule type was observed in marula, 
Harpephyllum cajjrum, Lannea discolor (Figure 4) and Rhus 
lancea. Esau (1977) defines an obturator as 'an outgrowth 
of the placenta or of the lining of stylar canal that brings the 
pollen transmitting tissue close to the micropyle'. The extended 
outer integument in the investigated species does not function 
as an obturator and cannot be interpreted as such. It is quite 
clear that the 'obturator' observed in Pistacia species by 
Copeland (1955) and Grundwag & Fahn (1969) is indeed part 
of the extended outer integument. In his observations on 
Lannea coromandelica and Rhus mysurensis Kelkar (1958a; 
1958b) mentioned the flap-like structures of the outer 
integument. 
Comparing Figure 2A & B and considering the reduction in 
integument differentiation in the mango ovule, it is quite 
possible that the mango ovule is a neotenic form of the marula 
ovule. In both the mango and marula ovules the proximal 
base of the outer integument is on the ventral side of the ovule 
intersecting line E - E in Figure 2A & B. The distal base of 
the outer integument intersects line F- F. Therefore in both 
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Figure 2 Drawings explaining ovule phylogeny and ontogeny. A. Longitudinal section of the ovary with an ovule of the marula. B. Drawing 
of Figure lA turned 90° to match marula ovary . C. Mango ovule in megaspore mother cell stage. Lines A - Band C - D indicate the adnation 
zones of carpels; lines E - E - distal part of true funicle and proximal end of outer integument and raphe-chalaza; line F - F indicates distal 
end of raphe-chalaza; q, x, y & z indicate points as explained in text; ii - inner integument, k - knee-like protuberance of funicle, mm -
megaspore mother cell, oi - outer integument, tt - transmitting tissue. 
ovules the original chalaza as far as the base of the outer 
integument is concerned, stretches from point x on line E - E 
up to point y on line F - F. This implies an elongation between 
lines E - E and F - F in the marula ovule to form a partial 
peri chalaza. The chalaza in the marula ovule now consisting 
only of a portion of the original chalaza, stretches between 
points y and z (Figure 2A). The vascular bundle between lines 
E - E and F - F in the latter ovule is therefore partly raphe 
and partly chalaza. This point is accentuated by the loop in 
the vascular strand at point q (Figure 2A) which can be 
regarded as the primary position of the nucellus and the 
chalaza. The vascular strand and adjacent tissue along line 
x - y must therefore be interpreted as secondary and of raphe-
chalazal origin. 
The present interpretation of the marula ovule also applies 
to the ovules of Harpephyllum caffrum, Lannea discolor 
(Figure 4) and Rhus lancea. It does not appear to conform 
with any type of ovule described in the literature and deserves 
a new name such as 'raphe-chalazal ovule', analogous to 
Corner's (1976) perichalazal and pachychalazal seeds. There-
fore the basal ovules of the mango and probably also the 
cashew are unitegrnic and pachychalazal. On the contrary the 
pendulous ovules of the presently investigated Anacardiaceae 
species are bitegmic and raphe-chalazal. 
S. Afr. J. Bot ., 1986, 52(1) 21 
Figure 3 Mango ovules at different developmental stages. A. Section of very young fruit showing the orientation of young seed. B. Longitudinal 
section of ovule a few days after anthesis. C. Longitudinal section of ovule in the tetrad stage with degenerating megaspores partly cut away. 
D. Para-longitudinal section of same ovule as in C showing periclinal cell divisions in integument and nucellus indicated by arrow points. 
es - embryo sac, fms - functioning megaspore, ii - rudiment of inner integument, n - nucellus, oi - outer integument, p - ponticulus, 
pc - pachychalaza. 
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Figure 4 Anacardiaceae ovules in different developmental stages - drawings made from ovules cleared in Herr's fluid. A - D . Lannea discolor 
showing integument initiation in young flower bud stage (A&B), open flower stage (C) and few days after anthesis (D); broken lines indicate 
vascular tissue; stars indicate positions of micrographs A and B in Figure 5 taken from opposite side of a similar ovule. E . Harpephy//um caffrum. 
F - H. The marula in young bud stage (F), one day prior to anthesis (0) and a few days after anthesis (H). es - embryo sac, ii - inner integument, 
k - knee-like outgrowth of funicle , n - nucellus , oi - outer integument. 
The ponticulus and related structures 
Another common Anacardiaceae characteristic featuring in 
the mango and marula ovules is the knee-like outgrowth 
marked k in the two ovules (Figures 2A & B; 4D, E & H). The 
same structure was termed 'Hocker' by Grimm (1912) in 
ovules of Rhus and Coriaria. This knee or 'Hocker' usually 
points towards the base of the style and considering the fact 
that chalazogamy is a common feature in the Anacardiaceae 
(Grimm 1912; Copeland & Doyel 1940; Copeland 1955; Cope-
land 1961; Grundwag 1976; Joel & Eisenstein 1980), it was 
thought that this structure could function as a bridge for the 
pollen tube on its way to the embryo sac. The path of the 
pollen tube through the 'Hocker' was indeed described in 
Rhus and Coriaria by Grimm (1912) and also through the 
'knob' in Pistacia chinensis by Copeland (1955). In the mango, 
however, the pollen tube does not enter the funicle through 
the knee (Figure IB). As was also described by Joel & Eisen-
stein (1980), the pollen tube grows through an outgrowth of 
the ovary wall which fuses with the funicle to form a bridge 
or 'ponticulus'. In a depression of the funicle a bridge is 
therefore formed between the knee and the ovule (Figures 1 
& 2B). After fertilization the ponticulus and funicle elongate 
as shown in Figure 3A, A similar bulge of tissue through 
which the pollen tube enters the raphe in Anacardium 
occidentale was described by Copeland (1961). 
The path of the pollen tube in the marula and Lannea 
discolor was also investigated. In both species the pollen tube 
enters the funicle at the placenta and although a prominent 
knee occurs in both taxa (Figure 4) it probably has no 
particular function. In the species investigated the pollen tube 
then follows the vascular strand of the funicle through the 
chalaza to the nucellus. It then grows around the embryo sac 
and enters at the micropylar pole (Figure 5). These observa-
tions show that chalazogamy occurs in the marula, L. discolor 
and previously investigated species. 
Taxonomy 
According to Scholz (1964) the tribe Anacardieae is 
characterized by simple leaves and either apocarpous · or 
unicarpellate gynoecia. Heywood (1978), however, recognized 
two groups in the Anacardieae, namely species with com-
pound leaves and apocarpous gynoecia and species with simple 
leaves and unicarpellate gynoecia. No taxa with compound 
leaves were included in this study. In the light of the marked 
differences between the mango and cashew ovules on the one 
hand and those of the other taxa on the other, are-evaluation 
of the delimitation of the tribes including ovule characteristics 
as one of the criteria, is suggested. 
Concluding remarks 
1. In the light of the morphology of the mango ovary and 
the adnation of the carpels in Harpephyllum caffrum it 
cannot be agreed that true apocarpous gynoecia occur in 
the Anacardiaceae. Therefore a new delimitation of the 
tribes based on various characteristics especially also those 
of the ovule, should be considered. 
2. The mango ovule is pachychalazal with only one developed 
integument and may represent a neotenic form of other 
Anacardiaceae ovules. 
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Figure S Epifluorescence micrographs showing the path of the pollen tube in the ovule of Lannea discolor. The position of the top and bottom 
stars in A corresponds to positions of proximal and middle stars in Figure 4(D) and those in B with middle and distal stars in Figure 4(D), but 
the mirror-image thereof. D shows the pollen tube in the chalaza! area while C also shows pollen tube fragments in the micropylar end of the 
nucellus. ch - chalaza! vascular tissue, fvt - funicular vascular tissue, rch - raphe-chalaza! vascular tissue, pt - pollen tube. 
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3. Chalazogamy occurs in the mango, the marula and Lannea 
discolor, as well as several other species previously 
investigated. 
4. A conspicuous knee-like outgrowth occurs in the ovules 
of all the species investigated. It probably has no particular 
function as in the mango, the marula and Lannea discolor 
the pollen tube does not enter the funicle through this knee. 
5. The plate-like outgrowths of the 'funicle' in most 
Anacardiaceae ovules are extended lobes of the outer 
integument and cannot be regarded as an obturator. The 
area surrounding the vascular tissue extending from the 
nucellus to the proximal end of the outer integument is 
the raphe-chalaza. 
6. The ovules of Harpephyllum cajjrum, Lannea discolor, 
Rhus lancea and Sclerocarya birrea are interpreted as a 
previously undescribed type for which the term 'raphe-
chalazal ovule' is suggested. 
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